Glomerular fibrin deposition is important in the pathogenesis of renal failure and crescent formation in glomerulonephritis. The mechanisms of glomerular fibrin deposition are unknown. The current studies explored the role of macrophages in this process. Methods were developed for measuring glomerular fibrin de-position and glomerular procoagulant activity in a passive model of the autologous phase of antiglomerular basement membrane antibody-induced glomerulonephritis in rabbits. Significant fibrin deposition was observed to be associated with glomerular macrophage accumulation. Leukocyte ablation with mustine hydrochloride prevented both glomerular macrophage accumulation and fibrin deposition without affecting the coagulation system or the deposition ofdisease-inducing antibodies and complement. Repletion with mononuclear inflammatory cells produced significant fibrin deposition. To examine the role of tissue injury per se in glomerular fibrin deposition, a macrophage-independent model of glomerular injury (heterologous phase glomerulonephritis) was also studied. Although a similar degree of glomerular injury occurred, there was no significant fibrin deposition. This suggests that macrophages, rather than injury alone, are responsible for fibrin deposition. Lysates of isolated glomeruli containing macrophages demonstrated greatly enhanced procoagulant activity compared with lysates of glomeruli without macrophages. Thus macrophages appear to be directly responsible for glomerular fibrin deposition in antiglomerular basement membrane antibody-induced glomerulonephritis, and this appears to be due to their ability to express procoagulant activity rather than their propensity to cause glomerular injury.
Introduction
Glomerular fibrin deposition (GFD)1 is a prominent feature of the most aggressive forms of glomerulonephritis (GN) (1, 2) . Similarly GFD is found in experimental GN whether injury is induced by the deposition of antiglomerular basement membrane (GBM) antibodies (3, 4) or immune complexes (5, 6) . In glomeruli; GBM, glomerular basement membrane; GFD, glomerular fibrin deposition; glom, glomerulus; GN, glomerulonephritis; IF, immunofluorescence; KFA, kidney-fixing antibody; macs, macrophages; PAGBMGN, passive autologous anti-GBM antibody-induced GN; PCA, procoagulant activity; PT, prothrombin time; PTTK, partial thromboplastin time with kaolin; SBT, skin bleeding time.
these experimental studies, fibrin deposition was associated with the development of crescentic GN and renal failure. The significance of this deposition is highlighted by observing the protective effect of defibrination. A number of studies have shown that defibrination with Ancrod (7) (8) (9) (10) was associated with protection from renal failure and crescent formation. Pharmacological impairment of fibrinolysis has been shown to augment GFD and renal impairment in human (1 1) and animal studies (12, 13) .
The mechanism of GFD is not clear. Recent observations have shown prominent macrophage accumulation within glomeruli of patients with proliferative and crescentic GN (14) (15) (16) . These are the types of GN in which fibrin deposition is most evident (1, 2) . In experimental GN, glomerular macrophage accumulation has also been shown to be associated with GFD (3, 4, 6, 10) . Macrophages have been shown to be potent triggers for fibrin deposition in inflammation, via their expression of procoagulant activity (PCA) (17) (18) (19) (20) (21) , which activates the extrinsic pathway ofthe coagulation cascade. This may play an important role in fibrin deposition in GN.
The current studies sought to investigate the role of macrophages in GFD in an experimental model of GN. Techniques were developed for measuring GFD and the PCA oflysed isolated glomeruli. The effects of leukocyte depletion and mononuclear leukocyte repletion on GFD and glomerular PCA were assessed.
Methods
Antibodies Sheep anti-rabbit GBM antibody was prepared by repeated immunization of a sheep with purified particulate rabbit GBM in Freund's complete adjuvant as previously described (3) . The sheep serum was extensively absorbed against rabbit serum, platelets, leukocytes, and erythrocytes and administered as a globulin fraction. This antibody was administered at a dose shown to bind a mean of 73.6±10.5 gg ofspecific kidney-fixing antibody (KFA) per gram wet weight of kidney, by the paired label technique (22) .
The passive autologous rabbit anti-sheep globulin serum was obtained by the repeated immunization of rabbits with purified sheep gamma globulin. When rabbits had developed a high titer ofantibody as measured by passive hemagglutination assay, the animals were bled out, their plasma was pooled, and a globulin fraction was prepared by precipitation with 50% ammonium sulfate. This single pool of rabbit anti-sheep globulin was used in all subsequent experiments involving passive autologous antibody administration.
The specific glomerular binding ofboth the heterologous and passively administered autologous antibodies in normal and mustine hydrochloride-treated animals was quantitated over the duration of the disease using the paired labeled technique described by Salant et al. (23) .
Proteinuria
Rabbits were housed in metabolic cages that allowed collection of the final 24-h urine sample. Protein concentrations were determined by a turbidity assay (24) . Light transmission (541 nm wavelength) was measured using a light spectrophotometer (Varian Techtron Pty. Ltd., Mulgrave, Victoria, Australia) 15 min after addition of 3 vol of 3% sulfosalicylic acid to I vol of each urine sample. Values were calculated from a standard curve derived from bovine serum albumin standards.
Assessment ofglomerular macrophages
The glomerular cell culture technique was used to determine the number of mgcrophages in each individual glomerulus (25) . Glomeruli were isolated from aseptically removed renal cortex and cultured individually in drops of culture medium (Eagle's minimal essential medium; Flow Laboratories, Melbourne, Australia) containing 10%to fetal calfserum (Flow Laboratories). After 3 d, the cellular outgrowths were assessed under phase-contrast microscopy and the number ofmacrophages was recorded. Previous studies have shown this method ofassessment to correlate with the presence of cells demonstrated to be macrophages by their light, phase, cine, and electron microscopic appearances as well as by their histochemical profiles, phagocytic behavior, and presence of Fc receptors (3), and to correlate with the quantitation of macrophages by histocytochemical techniques (6, 26) . The results represent the mean of the macrophage counts from at least 12 glomeruli per animal.
Quantitation ofglomerularfibrin
A technique was developed to measure the quantity offibrin accumulating in glomeruli over a standardized time period. Rabbit fibrinogen (Sigma Chemical Co., St. Louis, MO) was radiolabeled with 125I by the chloramine T method and extensively dialyzed against phosphate-buffered saline. The '25I activity was determined to be 97% protein bound after precipitation with trichloroacetic acid. 2 h after intravenous administration of 1'5I fibrinogen to normal rabbits, 87% ofplasma radioactivity was clottable by the addition of thrombin. 1251 radioactivity disappeared from the plasma with an initial half-life of 15.5 h, and then maintained a half-life of 40 h. These results are consistent with previous studies employing labeled fibrinogen (27) . 125I fibrinogen was injected intravenously as a tracer dose to each rabbit 15 h before the conclusion ofeach experiment, when the animals were killed. Plasma was taken 15 min after injection and at the end of the experiment to determine the specific activity of fibrinogen within the circulation at these two times. The kidneys were removed at the end of the experiment and glomeruli were isolated as previously described (3, 4, 25) . 125l activity was determined on aliquots of 10,000 glomeruli, and the amount of deposited fibrinogen was calculated using the specific activity of the plasma fibrinogen at the end of the experiment and taking into account the percentage of injected radioactivity that was coagulated by the addition of thrombin. The results are expressed as micrograms of fibrin per 1,000 glomeruli (F/G).
Assessment ofrabbit coagulation
Fibrinogen estimation. Blood was collected for measurement offibrinogen into 3.8% sodium citrate anticoagulant and the plasma was stored at -70°C. Using a sheep anti-rabbit fibrinogen antiserum (Research Plus Laboratories), fibrinogen was measured in an immunoturbidometric assay using a centrifugal analyzer (Centrichem 400; Union Carbide Corp., Rye, NY). The antibody was shown to produce a single immunoprecipitin line when reacted against normal rabbit plasma by the Ouchterlony double-immunodiffusion technique. No immunoprecipitin line was produced when the antiserum was reacted against normal rabbit serum. The antiserum was used at a dilution of 1:16 in 5% polyethylenelgycol and 0.8% saline. Standards of known concentration were prepared from rabbit fibrinogen, and the standard and test samples were diluted to 1:16 in 0.9% saline. The absorbance of light (340 nm wavelength) by the reaction mixture was maximum after 5 min reaction time. Absorbance vs. fibrinogen concentration was plotted between 0 and 10 g/liter and the unknown samples were calculated from this plot.
Skin bleeding times (SBT). The hair overlying the marginal vein of the rabbit's ear was shaved using a scapel blade, and the vein was pierced in three sites using a 21-gauge needle. The average of the time for the last two puncture sites to stop bleeding was taken as the SBT. Excess blood was removed every 5 s using an absorbant tissue while waiting for the cessation of bleeding.
Prothrombin time (PT). Blood was collected in 3.8% sodium citrate anticoagulant and centrifuged at room temperature to obtain plateletpoor plasma. 100 Ml of plasma was warmed at 370C for 3 min in a 75 X 12 mm glass test tube. 200 ,l of prewarmed rabbit thromboplastin standard (Simplastin; General Diagnostics, Div. of Warner-Lambert Co., Morris Plains, NJ) was forcibly added and the clotting time was determined by the manual tilt method. All assays were performed in duplicate within 3 h of blood collection. Circulating leukocyte count. 20 Al ofblood was collected and diluted in 3% acetic acid using a microcollection system (Unopette; BectonDickinson & Co., Rutherford, NJ). The number ofcells was enumerated in a modified Neubauer hemocytometer, and the total circulating leukocyte count was calculated.
Assessment of PCA in isolated glomeruli. Glomeruli were isolated by the same technique used for glomerular cell culture. Preparations containing 10,000 glomeruli/ml of culture medium were stored at -20°C and frozen and thawed twice before assay. The lysates of these isolated glomeruli were assayed for PCA using a standard one-stage clotting assay previously described by Schwartz and Edgington (28) and Rothberger et al. (29) . 100 Ml of lysate was prewarmed for 3 min with 100 Mul of 0.025 M calcium chloride in a 75 X 12 mm glass tube at 37°C. 100 ,ul of freshly prepared, citrated, platelet-poor rabbit plasma (prewarmed to 37°C) was added, and the clotting time was determined by the manual tilt method. All assays were performed in duplicate at dilutions of 1:1, 1:10, and 1: 100. PCA was derived by comparison of clotting times with a standard curve using rabbit thromboplastin (Simplastin). 100 Ml of thromboplastin standard was considered to have 1,000 mU of activity, and the standard curve was linear on a log/log plot of activity vs. clotting time over a range from 0.1 to 1,000 mU. The PCA was expressed as milliunits per 1,000 glomeruli. The requirement for Factor VIII in the expression of glomerular PCA was assessed by testing the capacity ofglomerular lysates to coagulate Factor VIII-deficient human plasma in comparison to normal human plasma (Dade Diagnostics Inc., Aguada, Puerto Rico) in this assay.
Experimental design LEUKOCYTE DEPLETION STUDIES. Four groups, each of nine rabbits between 1.8 and 2.4 kg in weight, were used in these studies.
Group A: passive autologous anti-GBM antibody induced GN (PAGBMGN). This disease was initiated by the intravenous injection of sheep anti-rabbit GBM globulin (74 ug/g KFA, 30 mg/kg body wt) followed by three further intravenous injections of passive autologous rabbit anti-sheep globulin (120 mg/kg) at intervals of 12 h between each dose. Animals were killed 5 h after the last dose of passive antibody.
Group B: mustine hydrochloride-treated PAGBMGN. These animals were treated with mustine hydrochloride (Boots Pure Drug Co., Ltd., Nottingham, England) at an initial dose of 1.7 mg/kg i.v. followed 36 h later by a second dose of 1 mg/kg at the time ofinitiation of PAGBMGN disease as previously described (30) .
Group C: heterologous passive anti-GBM GN. This disease was initiated by the intravenous injection of sheep anti-rabbit GBM globulin (74 gg/g KFA). Rabbits were killed 24 h later. To assess the effects of heterologous sheep anti-rabbit GBM globulin on GFD over 41 h, six rabbits were repeatedly injected intravenously with 74 mg/g KFA with 12 h between each dose, and the fibrin deposition in the last 15 h was assessed.
Group D: controls. These animals received normal sheep globulin 30 mg/kg i.v. followed by passive autologous rabbit anti-sheep globulin as described for group A. In all animals, a coagulation profile was obtained on the day of sacrifice. Urine was collected over the 24 h before sacrifice for the estimation of proteinuria. At the time of sacrifice, kidney tissue was obtained to assess histological and IF appearances, glomerular macrophage accumulation, F/G, and glomerular PCA. All results are expressed as mean±SEM, and statistical significance was assessed by the t test.
MONONUCLEAR INFLAMMATORY CELL RECONSTITUTION
STUDIES. An abbreviated model of PAGBMGN was used to study the effect of mononuclear inflammatory cell repletion following mustine hydrochloride treatment. This was done to avoid anticipated technical difficulties in reconstituting mononuclear cells over the 41 h of injury in the previous model. A recently reported model, with a shorter duration of injury in which reconstitution studies have successfully reproduced macrophage-mediated glomerular injury, was employed (31). This disease was induced by an identical dose (74 Ag/g KFA) of the same anti-GBM antibody used in the initial studies. This was followed 15 h later by three doses of passive autologous antibody (120 mg/kg) at four hourly intervals, and the rabbits were killed 7 h after the last injection. GFD, glomerular macrophage accumulation, and PCA were assessed as described in the initial experiment.
Mononuclear cells were harvested from the peritoneal cavities of rabbits injected with 3% thioglycolate (Becton-Dickinson & Co., Cockeysville, MD) 3 d earlier. Blood mononuclear cells were also obtained from these rabbits after isolation by centrifugation on Lympho-paque (Nyegaard & Co., Oslo, Norway) according to the method of Boyum (32) . Cell preparations were pooled, and then smeared and demonstrated to be >99% mononuclear cells by Wright's stain, before administration. Cells were administered in two intravenous doses, each of 108 cells, 30 min after the second and third doses of passive autologous antibody.
Three groups of rabbits were compared: group 1, composed of untreated rabbits developing PAGBMGN (n = 7); group 2, composed of rabbits depleted of leukocytes by mustine hydrochloride, as previously described, and then given PAGBMGN-initiating antibodies (n = 7); and group 3, composed of rabbits treated with mustine hydrochloride, given PAGBMGN-initiating antibodies, and reconstituted with mononuclear inflammatory cells. (n = 6).
DEMONSTRATION OF FIBRIN DEPOSITION AROUND GLO-
MERULAR MACROPHAGES IN CULTURE. Glomeruli from rabbits with PAGBMGN were cultured on glass slides as previously described. Normal rabbit plasma was added to Eagle's minimum essential medium at a 1:10 dilution along with calcium chloride at a final concentration of0.025 M. The mixture was allowed to react with the cultured cells for 2 min, and then the cells were washed three times in 0.9% saline containing 10 U/ml heparin and fixed in formalin/acetone fixative. The slides were stained for nonspecific esterase by the method of Yam et al. 
Results
Leukocyte depletion studies The parameters of glomerular injury and fibrin deposition are shown in Tables I and II and discussed Immunofluorescent appearances. Glomeruli from these rabbits showed strong linear immunofluorescent staining for rabbit IgG, C3, and sheep IgG. Immunofluorescent staining for fibrin showed prominent GFD with a speckled pattern in mesangia and capillary loops in all glomeruli (Fig. 1) .
Proteinuria. All rabbits developed proteinuria (1,253±376 mg/24 h). The 24-h urinary protein output of control rabbits was 13.5±1. greater than in control rabbits (2.2±0.6 gg fibrin/ I03 glomeruli, P < 0.005). The decline in the specific activity of plasma fibrinogen of rabbits with PAGBMGN was 58.1±4.6% over the period ofthe study. This was not significantly different from the decline in specific activity of plasma fibrinogen in control rabbits (64.2±4.8%).
GROUP B: MUSTINE HYDROCHLORIDE-TREATED PAGBMGN. Administration of mustine hydrochloride produced severe leukopenia in all treated rabbits (390±75 leukocytes/ mm3). Their leukocyte numbers were significantly reduced when compared with control rabbits (9,680±364 leukocytes/mm3, P < 0.005) and with untreated rabbits with PAGBMGN (18,380±976 leukocytes/mm3, P < 0.005). Mustine hydrochloride treatment did not significantly alter the binding of heterologous or autologous anti-GBM antibody. The specific glomerular binding of heterologous antibody was 20.3±1.7 ,ug/104 glomeruli in treated rabbits and 19.9±1. 6 ,ug/104 in untreated rabbits. Specific glomerular binding of autologous antibody was 1.92±0.32 Ug/104 glomeruli in treated rabbits and 1.90±0.11 ,g/ 104 glomeruli in untreated rabbits developing PAGBMGN.
Histology. The histological appearances ofGN were considerably attenuated in these rabbits compared with untreated rabbits with PAGBMGN. There were only occasional mononuclear cells observed within the capillary lumens of the glomeruli.
Immunofluorescent appearances. The rabbits treated with mustine hydrochloride were found to have a linear deposition of rabbit IgG, C3, and sheep IgG in the same pattern and extent as the untreated rabbits with PAGBMGN. Fibrin was not detectable by IF in the glomeruli of the treated rabbits.
Proteinuria. Rabbits treated with mustine hydrochloride developed proteinuria (729±249 mg/24 h); however, this was significantly less than in the untreated group (P < 0.05).
Glomerular macrophage accumulation. Treatment with mustine hydrochloride did not entirely prevent glomerular macrophage accumulation; however, their numbers were significantly reduced (2.1±0.9 macs/glom) compared with the untreated rabbits (26.2±4.8 macs/glom, P < 0.005).
Quantitation ofglomerularfibrin (F/G). The amount offibrin within the glomeruli of mustine hydrochloride-treated animals was 2.6±0.5 ,g fibrin/103 glomeruli. Fibrin accumulation was Glomerular macrophage accumulation. A minor macrophage accumulation was observed in the glomeruli ofrabbits developing heterologous anti-GBM antibody-induced injury (7.9±3.3 macs/ glom), although this was significantly less than that observed in rabbits with PAGBMGN (P < 0.005).
Quantitation ofglomerular fibrin (F/G). Fibrin deposition
within the glomeruli of the rabbits with heterologous phase anti-GBM GN was 3.7±1. 4 ,ug fibrin/103 glomeruli. This was not significantly greater than for control or mustine hydrochloridetreated rabbits. After 41 h of heterologous phase injury, glomerular fibrin deposition did not change significantly (F/G, 3.8± 1.1 ,g fibrin/ 103 glomeruli).
COAGULATION PROFILE (TABLE III) . There were no significant differences in the PTs or PTTKs of any of the experimental groups. Similar platelet counts were observed in rabbits with PAGBMGN (313,000±63,000 platelets/mm3), heterologous anti-GBM GN (354,000±73,000 platelets/mm3), and in control rabbits (292,000±56,000 platelets/mm3). Rabbits treated with mustine hydrochloride developed mild thrombocytopenia (I138,000±22,000 platelets/mm3, P < 0.05). The SBTs were not significantly different in any of these groups. Plasma fibrinogen levels increased significantly in rabbits with PAGBMGN (9.3±1.1 g/liter) and in rabbits with heterologous phase anti-GBM GN (6.1±0.5 g/liter) compared with (FIG. 2) . The glomerular lysates from the rabbits with PAGBMGN were able to accelerate coagulation of normal rabbit plasma and Factor VIII-deficient human plasma. Culture medium alone was unable to accelerate coagulation in comparison with normal saline in this system. The PCA present in glomerular lysates produced a dose-response curve that was parallel to the dose-response curve for standard rabbit thromboplastin (Fig. 2) . This curve was used to calculate the amount of glomerular PCA. The amount ofglomerular PCA (compared with Simplastin standard) in lysates ofglomeruli from rabbits with PAGBMGN was 425±100 mU/103 glomeruli. This was significantly greater than PCA in glomeruli ofcontrol rabbits (30.7+±10.5 mU/103 glomeruli, P < 0.005). Glomerular PCA in rabbits treated with mustine hydrochloride was significantly less than in the untreated rabbits (39.5±15 mU/103 glomeruli, P < 0.005) but was not significantly different from PCA levels in control rabbits.
The participation of Factor VIII in coagulation induced by glomerular PCA was assessed by comparing its potency in normal human plasma and Factor VIII-deficient human plasma. The potency of PCA from glomerular lysates of rabbits with PAGBMGN was the same in Factor VIII-deficient and normal human plasma.
Mononuclear inflammatory cell repletion studies Glomerular fibrin deposition in the abbreviated model of PAGBMGN (Table IV) Treatment with mustine hydrochloride blocked glomerular macrophage accumulation (2.7±1.4 macs/glom) and significantly reduced GFD (1.6±0.5 ,ug fibrin/103 gloms, P < 0.05). PCA ofglomerular lysates was also significantly reduced (56±1 1 mU/103 gloms, P < 0.05).
Repletion of mustine hydrochloride-treated rabbits with mononuclear inflammatory cells was associated with an increase in glomerular macrophage accumulation (18.5±12 macs/glom). This resulted in a significant increase in GFD (3.5±0.6 Mg fibrin/ 103 gloms, P < 0.025) and augmentation of PCA in glomerular lysates (100±20 mU/103 gloms, P < 0.05). Demonstration offibrin deposition by glomerular macrophages in culture (Fig. 3) Fibrin was distinguished by IF (Fig. 3 B) on the surface of esterase-positive cells (Fig. 3 A) in the cellular outgrowths of cultured glomeruli from rabbits with PAGBMGN. No fibrin was associated with the intrinsic glomerular cells distinguished by their characteristic morphology under phase-contrast microscopy (3, 14) . Control cultures (glomerular outgrowths from rabbits with PAGBMGN treated in a similar manner but without recalcification of added plasma) showed no evidence of fibrin deposition.
Discussion
The autologous phase of anti-GBM antibody-induced GN is an extensively studied model of glomerular injury in which GFD is associated with the development of crescentic GN and renal failure (2-4, 8-10, 34, 35) . This model was used as the basis for our studies; however, the disease was induced by the passive administration of autologous antibody so that subsequent leukocyte depletion experiments could be performed without altering the glomerular deposition ofthis disease-inducing antibody (as previously reported in reference 30). This was confirmed by measurements of specific glomerular bound antibody (both heterologous and autologous) by the paired labeled technique (23) . As in the active autologous disease, glomerular injury in this passive model was associated with glomerular macrophage accumulation and fibrin deposition. In this model, there was insufficient time for glomerular crescent formation.
To compare GFDs between groups of rabbits, radioactively labeled fibrinogen (which retained its coagulability) was used to quantitate fibrin deposition. This technique measures the quantity of fibrin accumulating in glomeruli over the period ofstudy. This was considered to be of more relevance than studying the kinetics of glomerular fibrin turnover, as it is the net accumulation of fibrin that is of pathological significance. The results obtained with this method correlated with the immunofluorescent demonstration of glomerular fibrin.
Mustine hydrochloride-treated rabbits developed severe leukopenia, thus preventing glomerular macrophage accumulation and GFD. These animals did not exhibit any functional alteration of their coagulation parameters, which may have accounted for this effect. A mild thrombocytopenia did occur; however, platelet numbers were not reduced to levels known to interfere with coagulation (36) . Previous studies (37, 38) have shown that specific platelet depletion (to much lower levels than observed in the current studies) does not reduce GFD in PAGBMGN. Electron microscopic studies have failed to dem- Figure 2 . The dose-response curve for PCA in lysates of glomeruli isolated from rabbits with PAGBMGN, mustine hydrochloride-treated PAGBMGN, and normal rabbits. The curve for rabbit thromboplastin is also shown.
onstrate any significant platelet accumulation in this lesion (39) . Despite normal coagulation parameters, these rabbits did not develop GFD. The levels ofGFD were similar to those of control animals, and glomerular fibrin could not be demonstrated by IF. These observations demonstrate that the deposition of disease-inducing antibodies and associated complement activation in the absence of circulating leukocytes does not initiate GFD. Therefore fibrin deposition is dependent on the accumulation of leukocytes within glomeruli. Previous studies (30) have shown that macrophages are the leukocytes responsible for injury in PAGBMGN. In our study, macrophages were again found to be the predominant infiltrating cell with only a minimal neutrophil contribution. This strongly suggests that macrophages are the infiltrating leukocytes responsible for GFD. Further evidence that neutrophils are not involved in GFD comes from studies of the heterologous phase of anti-GBM GN. In this model, neutrophils are the predominant infiltrating leukocytes and are known to induce injury (40) . However, despite the much greater neutrophil presence in this model, GFD was not observed. Therefore in PAGBMGN it would be unlikely that the smaller numbers of neutrophils would be significantly contributing to GFD, and this suggests that macrophages are the leukocytes responsible for initiating GFD in this disease.
More direct evidence of the pivotal role of macrophages in GFD is provided by the mononuclear inflammatory cell repletion studies. These studies were performed in an abbreviated model These studies again demonstrated significant reduction of glomerular macrophages and GFD after treatment with mustine hydrochloride. Repletion with mononuclear inflammatory cells resulted in partial but significant restoration of GFD. PCA in glomerular lysates was also significantly increased. These studies clearly confirm the capacity of mononuclear inflammatory cells to induce GFD. The fact that only partial repletion of macrophages, GFD, and PCA occurred was not unexpected as previous studies have shown that with both neutrophil (41) and macrophage (31) repletion, complete restoration of the active GN is not possible.
Macrophages may directly activate fibrin formation by the expression of PCA (17) (18) (19) (20) (21) or indirectly by their capacity to cause tissue injury. Macrophage-damaged glomerular cells may release tissue thromboplastins, and collagenlike fragments of damaged GBM may induce contact activation of the intrinsic coagulation pathway.
Studies of the model of heterologous anti-GBM antibody-induced GN provide evidence that GBM injury is not responsible for GFD. In this model and in PAGBMGN, similar degrees of proteinuria and histological evidence ofendocapillary injury were observed. Significant GFD, however, was only observed in PAGBMGN, which strongly suggests that GBM damage alone is insufficient to account for GFD.
Another approach to studying the mechanisms of GFD was to assess the potential of lysates of glomeruli to induce coagulation in vitro. Techniques similar to those used in studies of macrophage PCA were employed (28, 29) . Lysates of glomeruli from mustine hydrochloride-treated rabbits given disease-initiating antibodies had similar levels of PCA to normal controls. Glomerular lysates from rabbits with PAGBMGN had significantly increased levels of PCA. This increase in PCA could only be accounted for by the presence of glomerular macrophages.
Studies by Hoyer et al. (42) assessing renal tissue from patients with GN and prominent fibrin deposition failed to demonstrate the presence of Factor VIII. This finding suggested that the intrinsic coagulation pathway was not involved in fibrin deposition in human GN. Macrophage PCA is capable ofactivating the extrinsic coagulation cascade and does not require Factor VIII (18, 29) . The PCA of glomerular lysates from rabbits with PAGBMGN was similar when tested in human Factor VIIIdeficient and normal human plasma. Thus glomerular PCA appears to activate the extrinsic coagulation pathway, as does macrophage PCA. Macrophage-induced GFD via PCA would thus explain the observations of Hoyer et al. (42) .
Further proof of the macrophage origin of glomerular PCA came from tissue culture studies of isolated glomeruli. Both intrinsic glomerular cells and macrophages were prominent in the outgrowths from glomeruli isolated from rabbits with PAGBMGN. Only macrophages (identified by esterase positivity) were capable of inducing fibrin deposition from recalcified citrated plasma.
Many components of the immune response can stimulate the expression of macrophage PCA. These include immunoglobulin (43, 44) , immune complexes (44), complement (45, 46) , and lymphocytes (28, 47) . As most of these components are simultaneously present in glomeruli after antibody deposi- tion, the relative importance of individual components could not be discerned.
In conclusion, these studies show that glomerular macrophage accumulation in experimental GN is associated with measurable fibrin deposition. The abrogation of this GFD in association with macrophage depletion, the induction of GFD by mononuclear cell repletion, and the demonstration of Factor VIII-independent PCA in glomerular lysates strongly suggest that macrophages are directly responsible for GFD in the model studied. Further, it is likely that macrophages observed in human GN can account for any associated GFD.
